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Abstract 

Background: Life expectancy and time to first liospitalization have been prolonged, Indicating tliat people live longer 
without needing hospital care. Life expectancy increased partially due to improved survival from severe diseases, which, 
however, could lead to a more fragile population. If so, time to a subsequent hospitalization could decrease. Alternatively, 
the overall trend of improved health could continue after the first hospitalization, prolonging also the time to subsequent 
hospitalizations. This study analyzes trends in subsequent hospitalizations among Swedish men and women above the age 
of 60, relating them to first hospitalization. It also looks at trends in the proportion of never hospitalized. 

Methods: \nd\v\dua\s were followed in national registers for hospital admissions and deaths between 1972 and 2010. The 
proportion of never hospitalized individuals at given ages and time points, and the annual change in the risks of first and 
subsequent hospitalizations, were calculated. 

Findings: An increase in the proportion of never hospitalized was seen over time. The risks of first as well as subsequent 
hospitalizations were reduced by almost 10% per decade for both men and women. Improvements were observed mainly 
for individuals below the ages of 90 and up to the year 2000. 

Conciusions:The reduction in annual risk of both first and subsequent hospitalizations up to 90 years of age speaks in favor 
of a postponement of the overall morbidity among the elderly and provides no support for the hypothesis that the 
population becomes more fragile due to increased survival from severe diseases. 
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Introduction 

Due to the increasing life expectancy, the question regarding the 
health of the elderly has become very important [1,2]. By the year 
2020, 33% of the population in developed countries is projected to 
be older than 60 years [3], a potential challenge for medical and 
social care [4]. 

One way to understand the general health status of the 
population is to examine time trends in incidence and mortality 
rates of major diseases, such as cardiovascular diseases (CVD). 
CVD are major causes of morbidity and death in the older 
population, and a decrease in both incidence and mortality has 
been observed since the 1960s [5-8]. While such trends provide 



important insights for specific diseases, they do not necessarily 
reflect overall health trends. The annual change in hospitalization 
rates for aU diagnoses is an alternative measure that provides 
information regarding the overall health of the population. The 
interpretation of such a change, however, is not straightforward 
since healthcare practices have evolved simultaneously. 

In an earlier study we have shown that in parallel with an 
increase in life expectancy, the mean age at first hospital admission 
after the age of 60 has been postponed in Sweden by 
approximately 2 years between 1995 and 2010 [9]. Improved 
survival from severe diseases explains part of the increased life 
expectancy and the survivors may constitute a particularly fragile 
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part of the population. This raises tlie question of whether the time 
to a subsequent hospitahzation decreases. Alternatively, the overall 
trend of improved health could continue also after the first hospital 
event in which case one would expect a prolongation also of the 
time to a subsequent hospitalization. 

This study aims to describe trends in subsequent hospitalizations 
among Swedish men and women above the age of 60, relating 
them to first hospitalization. It also examines the proportion of 
individuals never hospitalized in order to provide an overview of 
the overall health trends in the Swedish population from a novel 
perspective. 

Materials and Methods 

Study material 

Our study population was created from the Total Population 
Register in Sweden [10]. Information regarding the date of birth 
and migration status of individuals was collected. In addition, the 
Total Population Register was used together with the Longitudinal 
Integration Database for Health Insurance and Labour Market 
Studies (LISA) [11], which includes yearly information about 
individuals' income, pensions and social transfers, in order to 
identify the individual's place of residence from 1972 onwards. 

The Patient Register includes individual data regarding all 
hospital admissions in Sweden; it was used to obtain information 
about hospitahzations. This register has nation-wide coverage 
since 1987; however, Stockholm and Uppsala counties have had 
fuU coverage in this register .since 1972 [12]. To be able to describe 
hospitalization trends for the longest period possible, we limited 
our study cohort to these two counties - combined they represent 
about 20% of the entire Swedish population above the age of 60. 

Information on death was obtained from the Cause of Death 
Register. It includes deaths occurring within or outside Sweden for 
individuals who were registered in Sweden at the time of death 
[13]. 

Information about inpatient care and death was linked to the 
study cohort using a unique personal identification number that 
every person residing in Sweden holds. The linking procedure was 
done by Statistics Sweden and the researchers received a de- 
identified dataset. 

Setting 

All men and women above the age of 60, who were living in the 
Stockholm and Uppsala counties since 1972, were included in the 

study population. They were followed from the year 1972 to 2010. 
The follow-up ended when one of the following events occurred: 
hospitalization, dc-ath, or December 31, 2010. Individuals who 
moved away from Stockholm and Uppsala counties after 1972 
were censored at the time they left. 

Statistical analyses 

The outcome under study was hospital admission due to any 
cause, which had a minimum duration of two nights, and took 
place after individuals turned 60. The first, second, and third 
hospital admissions were analyzed, regardless of the outcome 
being fatal or not. The second and the third hospital admissions 
had to occur at least 91 days apart from the previous admission. 

Proportion of non-hospitalized men and women over the 
period 1972 to 2010. A Kaplan-Meier estimator was used to 
calculate the proportion of individuals that had never been 
admitted to the hospital at a given age. Five different birth cohorts, 
1912, 1916, 1920, 1924, and 1928 were analyzed and the 
proportions of non-hospitalized individuals were compared for six 
ages; 70, 75, 80, 85, 90, and 95 years-old. 



Hospitalization risks over the period 1972-2010. Using a 
discrete time logistic model with a complementary hglog link [14], 
the annual relative change in the age-specific annual risk (RR) of 
being admitted to the hospital for the first, second, and the third 
time after the age of 60 was estimated. For example, the relative 
change in the age-specific annual risk for being admitted to the 
hospital for the first time in 1999 was compared with that of 
1998. The average annual relative change over all ages, stratified 
first in nine different age groups (60-64, 65-69, 70-74, 75-79, 
80-84, 85-89, 90-94, 95-99, and 100+), and additionally in four 
different time periods (1972-1980, 1981-1990, 1991-2000, and 
2001-2010) was calculated. Then, the annual change in the risk 
was estimated by subtracting the relative change from one (1- 
RR). 

For the relative risk of the first admission to the hospital, age 
at first hospitalization (treated as a categorical variable) was 
used as a time-varying predictor of the outcome in a regression 
model. For the second hospital admission, both the age of 
individuals (treated as a categorical variable), and the time (in 
years) since the first admission to the hospital, were considered 
to have an impact on the regression outcome. Therefore an 
interaction term "agexyears since first hospitalization" was includ- 
ed in the regression model to capture the effect of both 
parameters simultaneously. The model predictor (time varying) 
was age at second admission to the hospital. A similar analysis 
was done for the relative risk of the third hospitalization with 
age (treated as a categorical variable) being the model 
predictor, and adjusted for the interaction "agexyears since 
second hospitalization" . 

Sensitivity analyses 

In order to explore the impact of three of the most important 
causes of death and hospital admissions of older individuals, 
analyses were made where hospitalizations related to (1) CVD, (2) 
neoplasms, and (3) mental, behavioral and neurodevelopmental 
disorders (including dementia and Alzheimer's disease) where 
removed one at a time. The International Classification of 
Diseases (ICD) codes were used to identify and exclude the 
relevant hospital admissions. CVD were defined as; ICD 8 & 9 
codes: 390-460, ICD 10 codes: 100-199. Neoplasms were defined 
as; ICD 8 & 9 codes: 140-206, ICD 10 codes: C00-C97 and DOO- 
D99. Mental, behavioral and neurodevelopmental disorders were 
defined as ICD 8&9 codes: 290-319, and 331, ICD 10 codes: FOO- 
F99, and G30. 

Additional sensitivity analyses were conducted by altering the 
minimum duration of hospital stay from two nights to one and 
three nights respectively. Since there have been changes in the 
health care policy in Sweden over time affecting the length of stay 
in hospitals, going from longer and fewer to shorter and more 
frequent admissions [15], we also tested the minimum transition 
time from first to second and from second to third hospital 
admission by running the analysis with 365 days as a minimum 
time apart between the events. 

Ethical permission 

An ethics approval for this study was obtained from the 
regional ethics committee in Stockholm, Dnr 2011/136-31/5. AH 
databases used in this study were linked using the individuals' 
personal identification number (personnumer). The linkage was 
conducted by Statistics Sweden and researchers received 
anonymized data. 
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Results 

Proportion of non-hospitalized men and women over the 
period 1972 to 2010 

Tables la and lb present the proportion of individuals without 
any admission to the hospital at difiFerent ages, across difiFerent 
birth cohorts, for men (Table la) and women (Table lb). An 
increase in the proportion of never hospitalized was seen over 
time. Even among the 90-year olds, the proportion has increased 
although the proportion of never hospitalized 90-year olds was 
rather small (0.7% among men and 1.8% among women). 
Overall, the proportion of women never hospitalized was smaller 
compared to men. 

Hospitalization risks over the period 1972-2010 

In Tables 2a and 2b the annual decrease in the risk of a first, 
second, and third admission to the hospital between 1972 and 
2010 is presented. Results are shown as an average effect for all 
ages above 60 as well as stratified in nine age groups, for men 
(Table 2a) and women (Table 2b). In Tables 3a and 3b, results are 
presented, stratified in four different time periods, for men 
(Table 3a) and women (Table 3b). 

The risks of being hospitalized both for the first and the second 
time after the age of 60 decreased on average by about 9% per 
decade for men as well as for women. This risk reduction for the 
first admission to the hospital was observed in almost all age 
groups - it was higher among the youngest and tended to level off 
at the highest ages. However, for the second hospital admission, 
the risk reduction was only observed for men and women up to the 
age of 89. 

For the third admission to the hospital, the reduction in the risk 
was slightly lower compared to the one estimated for the first and 
second hospital admission; for men, a reduction of 8% per decade 
was observed and for women 6%. Among the oldest (90+), an 
increase in the risk of a third admission to the hospital was 
observed. 

When stratifying the results in four different time periods, for 
both men and women, a rather high reduction in the risk of 
subsequent admissions was observed between the years 1972 and 
1980 (about 3% per year for the second admission and about 4% 



per year for the third admission to the hospital). However, results 
pointed in the opposite direction for the first hospital admission; a 
4% increase per year in the risk was observed for men and a 3% 
increase for women. 

Between the years 1980 and 2000, for the first and subsequent 
hospital admissions, an annual risk reduction of 2% was observed 
for both men and women. During the latest decade, a small annual 
increase in the risk was observed for the first admission to the 
hospital for both men and women (0.4% per year), among women 
with a second hospital admission (0.7% per year), and for both 
men and women with a third hospital admission (0.7% per year). 
Among men, no change in the risk of a second admission to the 
hospital was observed between 2001 and 2010. 

Results from the sensitivity analyses 

Excluding CVD, neoplasms, and mental, behavioral and 
neurodevelopmental disorders, or altering the minimum duration 
of the admission to the hospital to one and three days respectively, 
had no impact on the observed trends of the proportion of never 
hospitalized individuals or the annual change in the risk of first, 
second, and third hospitalization. Similarly, changing the mini- 
mum time between a first and a second hospital admission from 9 1 
to 365 days did not have any impact on the trends. The change in 
the minimum time between a second and a third admission to the 
hospital resulted in a slightly lower annual risk reduction for men 
for the third hospital admission (0.7% reduction instead of 0.8%) 
while no changes were observed for women. 

Discussion 

This study investigated trends in subsequent hospital admissions 
above the age of 60. In an earlier study, we concluded that 
individuals nowadays suffer less from illnesses leading to hospital- 
ization [9]. Such a reduction, however, reflects only an initial 
improvement. Individuals may be more fragile once they have 
survived the disease that led to the first hospital stay and, hence, 
subsequent hospitalizations may occur more rapidly. However, 
our analyses of the change in the risk of subsequent hospital 
admissions showed no support for this, at least not for ages up to 
90 years. 



Table 1. 


Proportion of men and women at different ages without 


any admission to hospital. 






A - Men 


Birth Cohorts Age 70 


Age 75 


Age 80 


Age 85 


Age 90 


Age 95 


1912 


28.80% 


14.30% 


5.80% 


2.10% 


0.60% 


0.10% 


1916 


28.50% 


14.90% 


6.10% 


2.10% 


0.50% 




1920 


29.90% 


15.90% 


7.40% 


3.00% 


0.70% 




1924 


31.20% 


1 8.00% 


9.00% 


3.40% 






1928 


33.10% 


1 9.80% 


1 0.30% 








B - Women 


Birth Cohorts Age 70 


Age 75 


Age 80 


Age 85 


Age 90 


Age 95 


1912 


42.10% 


25.90% 


1 3.70% 


5.40% 


1.50% 


0.20% 


1916 


39.40% 


25.10% 


1 2.90% 


5.40% 


1 .60% 




1920 


40.00% 


24.90% 


1 3.60% 


6.20% 


1.80% 




1924 


40.10% 


25.10% 


14.40% 


6.60% 






1928 


42.00% 


28.20% 


15.20% 








doi:l 0.1 371 /journal.pone.0099034.t001 
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The annual risk for a second hospitalization decreased by 
almost 10% per decade for ages up to 90 years, a similar 
improvement as for the risk of first admission. The risk for a third 
admission to the hospital also decreased but less than the one for 
the first and second admission. Above age 90, no clear 
improvement over time was observed for subsequent hospital 
admissions, which may be a consequence of a more fragile 
population. On the other hand no worsening was seen either - the 
risk remained stable. 

Since the analyses of changes in the risk of subsequent hospital 
admissions are based only on the part of the population that has 
been hospitalized previously, changes in the risk must be 
interpreted in conjunction with the change in the proportion of 
the population that has never been hospitalized. An improvement 
for subsequent hospital admissions alone does not mean necessar- 
ily an improvement for the whole population as the proportion of 
the population never hospitalized could have decreased at the 
same time. However, during our observation period we observed 
both a decreasing risk for subsequent hospital admissions and a 
simultaneous increase in the proportion of never hospitalized - in 
all ages up to 90. 

The finding of a lack of improvement regarding the risk of 
subsequent admissions among the very oldest, above 90, is in line 
with a previous study of Swedish centenarians where death rates 
above age 100 appeared to have been stable between 1969 and 
2008 [16,17], in contrast to younger ages where a continuous 
reduction has been observed. 

This risk reduction for hospitalization was mainly evident 
during the 1980s and 1990s, and no improvements were seen for 
the most recent decade (2000-2010). We have no clear 
explanation to this. It may be a temporal stagnation that wiU 
not affect the overall trend when allowing longer foUow up in the 
next decade, or it may be a sign of a real stagnation of 
improvements. It could also be the effect of a single (period-) 
factor such as the increase in elective surgery like hip replacement 
during the past decade [18]. On the other hand, such procedures 
still constitute a minor part of all hospital admissions in Sweden 
and therefore the impact on the general trends should be minor. 
5- 5. Even if our results speak in favor of a postponement of 

™ -c morbidity and an amelioration of the overall health of the 

population, other explanations must be considered as well. The 
shift of some treatments from inpatient to outpatient care, the 
availability of home care services to serve the needs of the elderly 
or other sensitive groups outside a hospital setting [19], and the cut 
in the number of hospital beds, are factors that need to be 
considered. A report from the Swedish National Board of Health 
and Welfare showed a significant reduction in the inpatient care 
(in favor of outpatient care) received for diseases of the eye and 
adnexa, asthma, ulcers and inguinal hernia between 1987 and 
2010 [20]. However, this shift is unlikely to fuUy explain the 
observed trends since only a minority (depending on the disease) of 
™ g, I individuals is receiving inpatient care due to these diseases [9]. 

.S c 3 Home care programs have been designed to enable the elderly 

o g c ^ to continue an independent lifestyle as opposed to being admitted 

.Q g 3 to the hospital for very long periods, becoming institutionalized in 

I .Q g nursing homes and other care facilities [19]. It is therefore possible 

_o 2 1 c that such programs would be the underlying mechanism of a shift 

^ ^ !i _2- in second and third hospitalization to higher ages over time — 

Sj _2 § E elderly individuals receiving home care may not be admitted to a 

g g 5 ^ hospital for conditions that can be treated/monitored through 

-c -o "P S home care services. However, it is difficult to evaluate how much 

— OJ ^ ^ 

3 § D d the effect of such programs would be, given that there are other 
^ "i" ra 5 factors as well contributing to the observed trends for the risk of 
subsequent hospitalizations. 
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Regarding the cut in number of hospital beds, it is difficult to 
separate any effect of this on the risk of hospitahzation since it is 
reasonable to believe that the cut is an effect of a more effective 
health care and a better control of diseases in primary care making 
the outcome of diseases less severe. It can be observed in the data 
that over time inpatient care has shifted from longer to shorter and 
more frequent hospitalizations. 

Finally, interpreting our results of a reduction in the risk of both 
first and subsequent hospital admissions, together with findings 
from other studies showing dechning trends in the incidence and 
mortality of several important diseases among the elderly such as 
CVD [8], malignancies [21,22], and dementia [23], lead us to 
believe that it is conceivable that there has been a postponement of 
overall severe morbidity in Une with the decrease in mortality over 
the years. Whether these improvements will be extended also to 
the very oldest, above 90 and 100 years of age, remains to be 
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answered, together with the question of whether less severe 
morbidity that is treated in primary care has improved as well. 

Conclusions 

The risk of a subsequent hospitalization has not increased 
suggesting that the health of the general population is not 
worsened due to a higher proportion of people with compromised 
health that could follow from the improved survival in severe 
diseases. The lack of improvements in the most recent decade 
suggests the need for further surveillance of the trends. 
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